The consumption of oysters and cockles, which are usually eaten raw or lightly-cooked, can cause outbreaks of human diseases, especially if these shellfish are harvested from polluted areas. In Brazil data about the occurrence of pathogens, like hepatitis A virus, in shellfish have been reported but research on natural contamination for pathogenic protozoa is still non-existent.
INTRODUCTION
Bivalve mollusks are benthic animals which live in close relationship with marine substratum. These shellfish have the capacity to filter large volumes of water and therefore are able to accumulate, retain and concentrate different pathogens like bacteria, viruses and protozoa (Wittman & Flick 1995; Potasman et al. 2002) . Therefore, eating raw or improperly cooked shellfish represents a risk to health. The occurrence of protozoan parasites such as Cryptosporidium spp. which causes gastroenteritis in a wide range of animal and human hosts, has been reported worldwide in water samples from lakes, rivers, estuaries, ocean and sewage (Fayer 2004; Cantusio Neto et al. 2006) . In recent times, the presence of Cryptosporidium oocysts was demonstrated in different species of bivalve mollusks following experimental contamination (Graczyk et al. 1998; Freire-Santos et al. 2001; Gó mez-Couso et al. 2005) .
Mussels, clams, oysters, and cockles from several coastal regions have been confirmed as being naturally contaminated with Cryptosporidium oocysts (Fayer et al. (Fayer et al. 2003 
MATERIALS AND METHODS

Shellfish sampling site
The "Camaroeiro" beach (238 37' 49197" S and 458 23' 
Oyster and cockle processing
At the laboratory, the shellfish were shucked and the parasitological analysis was conducted as described by (0.1%) and distilled water (2:1). The tissue pools were homogenized and the lipids were extracted by addition of diethyl ether. Then, the tube was vigorously hand agitated for 30 seconds and centrifuged at 1250 x g for 5 minutes in PBS (0.04M pH 7.2). The supernatant was aspirated and the pellet was placed in a microcentrifugue tube.
Detection of Cryptosporidium oocysts
A direct immunofluorescence antibody test (IFAT) was used to detect Cryptosporidium oocysts in the pellet. For this, samples were vortex mixed, and aliquots of each pellet were pipetted onto slides. The slides were air-dried, fixed with methanol for ten minutes and then stained with (i) more than 2500 thermotolerant coliforms/100 ml;
(ii) more than 2000 Escherichia coli/100 ml; (iii) more than 400 enterococci/100 ml.
RESULTS AND DISCUSSION
The occurrence of diseases transmitted by shellfish consumption has been increasing worldwide. Many outbreaks associated with bivalve consumption have been reported, especially associated with the ingestion of oysters, followed by clams and mussels (Potasman et al. 2002) .
Due to the scarcity of data for pathogenic protozoa in seafood on our country, a total of 180 shellfish were analyzed during two different periods of sampling. Oocysts of Cryptosporidium were found in both bivalve species analyzed under natural conditions. In the first period they were detected in three of the six gill pools of cockles with a mean concentration of 60 oocysts per cockle. In the second period, oocysts of Cryptosporidium were detected in one of twelve gill pools of oysters with an estimated concentration of 12 oocysts per oyster.
The detected oocysts were in conformity with standard fluorescence detection criteria. Phase-contrast microscopy carried out simultaneously at 600x magnification confirmed the characteristic morphology of the parasite and nuclei were visualized with DAPI. Cryptosporidium oocysts were not found in any gastrointestinal tract homogenates pools (n ¼ 6 for cockles and 12 for oysters) analyzed during the twelve months of sampling.
The gastrointestinal tract homogenates we analyzed were more difficult to examine than gill homogenates, due to the presence of thick layers on slides, and this may thus explain the complete absence of Cryptosporidium oocysts in this tissue. Therefore, oocysts may have gone undetected because of masking. Moreover, Graczyk et al. (1997a,b) demonstrated the internalization of Cryptosporidium parvum oocysts by monolayers of hemocytes in native oysters (Crassostrea virginica) and found that there was a loss of fluorescence in the oocyst wall as the time of contact increased, and also pointed out that it disintegrated with time. The oocysts that remained unaltered may be retained principally by the gills, because the pores of the gills and the oocysts are of similar sizes.
Microbiological indicators of seawater were detected in high levels, and the majority of samples were not in accordance with standard legislation. Thermotolerant coliforms ranged from 9.0 £ 10 2 to 3.3 £ 10 4 , Escherichia coli from 4.0 £ 10 2 to 4.0 £ 10 3 and enterococci ranged from 2.0 £ 10 2 to 4.0 £ 10 3 MPN per 100 ml of seawater.
In several months, more than one microbiological indicator was present at higher levels than permitted, as
October (2005) Previous studies have shown the contamination of shellfish by Cryptosporidium oocysts in North America (Fayer et al. 2003; Miller et al. 2005) and in Europe (Gomez-Bautista et al. 2000; Li et al. 2006; Schets et al. 2007 ). The present survey represents the first report of the occurrence of Cryptosporidium oocysts in two different species of bivalve mollusks in Brazil and in Latin America to date, and indicates the existence of widespread contamination of this waterborne pathogen.
Although this protozoan parasite does not reproduce in bivalve tissues, it can accumulate in high quantity, and oocysts retained in mollusk tissues may remain infectious (Fayer et al. 1997; Freire-Santos et al. 2001; Graczyk et al. 2007 ). Furthermore, Cryptosporidium oocysts can survive in marine waters from several days up to one year, according to experimental data (Tamburrini & Pozio 1999; Freire-Santos et al. 2000) and their long-term survival in the environment could increase the hazard of infectious forms being filtered and removed by mollusks, posing a threat if commercialized and consumed.
In Caraguatatuba, Sã o Paulo state, only 32.0% of domestic sewage is collected and treated (SABESP 2006) , and in Brazil discharge of effluents is done preferentially into rivers, contaminating and depreciating the value of the water and other environments it flows to (IBGE 2000) .
In this study, the number of oocysts found under natural conditions in these bivalve mollusks is sufficient to cause an infection, if they were viable and found to be species infectious for humans. The mean infectious dose for Cryptosporidium parvum, a zoonotic species, is around 10 oocysts (Cooperative Research Centre for Water Quality & Treatment (2005)). Furthermore, it is thought that the development of an infection through the ingestion of a single oocyst can occur in people with immunological impairments posing a threat to immunocompromised populations (Rose et al. 2002) .
It is a well-known fact that different species of shellfish act as a biological indicator of animal and human fecal pollution in different environments, where they live or are cultivated (Giangaspero et al. 2005; Miller et al. 2005) ; with our findings, however, the Tivela mactroides cockle emerges as a new species able to remove waterborne pathogens from contaminated areas very effectively and must be added to this extensive list. CONCLUSIONS † Future works must focus on the detection of this protozoan in beach water, and the correlation of salinity, pH, temperature and precipitation with Cryptosporidium at an estuarine area.
It is noteworthy that in
